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SUMMARY 



As part of the wing- fuselage interference program in 
progress in the N.A.C.A. var i a^l a— density wind tunnel, a 
method of eliminating the interference hurtle associated 
with critical mid/ing combinations was investigated. The 
interference "burble of the critical midwing combination 
was shown to respond to modifications at the nose of the 
juncture and to "be entirely suppressed with little or no 
adverse effect on the hirh-spred drag by special leading- 
edge fillets* 

IHTROBUCEION 



An extensive program of research is "being conducted 
in the N.A.C.A. variable-density wind tunnel on the inter- 
ference between wins; and fuselage at large values of the 
Reynolds Number (references 1, 2, 3, and 4). Reference 1 
outlined the wing- fuselage interference program and pre- 
sented the initial and basic parts thereof, comprising 
test results for 209 combinations that represented, to the 
widest practical extent, the most important parameters of 
combination, such as: wing position relative to the fuse- 
lage, wing shape, juncture shape, and fuselage shape. The 
discussion therein was fundamental in nature and treated 
the interpretation of wing-fuselage interference. 

It was soon evident that many combinations having ex- 
cellent high— speed drag characteristics would be barred 
from consideration in any practical design problem because 
of low maximum lifts. Specifically, the unfavorable ones 
were mainly > midwing combinations of round fuselages and 
low-(?rag efficient airfoils of moderate thickness and small 
camber (e.g., the N.A.C.A. 0012). A premature flow break- 
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down , or interference burole, was usually associated with 
such ml&wing combinations, whether or not split flaps were 
employed (reference 4-), and was responsible for the low 
maximum lifts. Interference burbles may vary in character 
and severity, however, and may not seriously reduce the 
maximum lift, as was' demonstrated by. some unfilleted low* 
wing combinations. The different types of interference 
burble were discussed in reference 1. 

In the investigation reported herein, a study of the 
interference burble of the critical midwing combination 
was made and a means for its elimination was derived. The 
descriptions in table V of the combinations tested indi- 
cate the scope of the experimental investigation. 

MODELS AH 3D TESTS 



The wing models employed were rectangular 5- by 30- 
inch duralumin airfoils" of N.AvC.A; 0012, N.A.C.A. 4412 
(see reference l), and N.A.C.A. 23012 (reference 5) pro- 
files. The N.A.C.A. 0012 and 4412 airfoils are "standard" 
for the wing-fuselage interference investigation. The 
N.A.C.A. 23012 was included to show the effect on the inter- 
ference associated with the use of a more recent profile. 
These wings were combined only with the round fuselage 
(reference l), which is an airship form of polished dural- 
umin, 20.155 inches in length, having a fineness ratio of 
5. 86, The split flaps were made of brass plate and had 
sharpened trailing edges. They w ere 20 percent of the 
wing chord in width, were full-span, and had the deflec- 
tions indicated in table V. The junctures and fillets 
were formed of plaster of paris with either of two fin- 
ishes: smoothly finished plaster, or carefully rubbed and 
polished lacquer. The type of finish for each combina- 
tion is specified in the third column of table V. Follow- 
ing the tests reported herein, the lacquered finish was 
adopted as standard. Photographs of representative com- 
binations are shown in figures 1 to 4. 

The tests were performed in the variable-density wind 
tunnel (reference &) at a test Reynolds Number of approxi- 
mately o,100,000 (effective R = 8,200,000). In addition, 
values of the maximum lift coefficient were obtained at a 
reduced speed corresponding to a test Reynolds Number of 
approximately 1,400,000 (effective 1 = 3,700,000). The 
testing procedure and test precision, which are practically 
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the same as for an airfoil alone, are fully described in 
reference 1. Since the tests of reference 1 were made , a 
small additional correction of less than -1 percent has 
"been applied to the measurement cf the dynamic pressure q 
to improve the precision of the results. 



RESULTS 



The test data are given in the sane manner as in ref- 
erence 1 , in which the methods of analysis and of presen- 
tation of the results arc fully discussed. 

As in the preceding reports of the interference pro- 
gran (references 1, 2, 3, and 4), the test results are 
given in tables supplemented By figures. Table I contains 
the characteristics of the wings alone and table II, those 
of the fuselage. Table III presents the sums of the fuse- 
lage da aract eristics and the interferences at various an- 
gles of attack for each of the combinations tested. The 
values given represent the differences between the charac- 
teristics of each combination and those of the wing alone 
or of the wing with a full-span split flap. Obviously, 
the characteristics of the combinations themselves can, if 
desired, be obtained by adding corresponding items in ta- 
bles I and III. Table IV of the program (see roforonco l), 
which pro soiit s interference data for disconnected combi- 
nations, is not continued herein because no additional 
combinations of this character were investigated. 

Table V contains the combination diagrams and descrip- 
tions in addition to the principal aero d3 r nami c character- 
istics of the combinations. The values d/c and k/ c 
represent the longitudinal and vertical displacements, re- 
spoctively, of the wing quarter-chord axis measured ;in 
chord lengths) positive ahead of arid above the qu.arter- 
length point of the fuselage axis; i— is the angle of 
wing setting. 

The last nine columns of the table present the fol- 
lowing important characteristics as standard nondimension- 
al coefficients based on the original wing areas of 150 
s quare inches: 

a, lift-curve slope (in degree measure) as deter- 
mined in the low-coefficient range for an ef- 
fective aspect ratio of 6.86. This value of 
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the aspect ratio differs from the actual value 
for the models because the lift results are not 
otherwise corrected for tunnel-wall interfer- 
ence. For the combinations vrith split flaps, 
values averaged over the useful range of lift 
coefficient are given. 

Oswald's airplane, or span, efficiency factor. 
(See reference 1.) 

minimum effective profile-drag coefficient 

( o-n - J . For the combinations with s*olit 

flaps, average values of the drag taken over 
the useful range of lift coefficient and accu- 
rate to within about 5 percent are given in- 
stead • 

C 7 if o-otimum lift coefficient, i.e., the lift coeffi- 
o*p t 

cient corresponding to 0^ 

e min 



'E 



nin 



n o 



n ' 



aero dynamic-center position indi eating approxi- 
mately the location of the aerodynamic center 
ahead of the wing quarter-chord axis as a frac- 
tion of the wing chord. Numerically, n Q 

dG m 

eauals ----- at zero lift. 
dC L 

p itching-moment coefficient at zero lift about 

the wing quarter-chord axis. For the combina- 
tions with split flaps, average values of the 
moment taken over the useful range of lift co- 
efficient and accurate to within about 5 per- 
cent are given instead. 

C L .^, lift coefficient at the interference burble, 

i.e., the value of the lift coefficient beyond 
which the air flow has a tendency to break dowti 
as indicated by an abnormal increase in the 
drag. 

)- , maximum lift coefficient given for two differ- 

L nax 

ent values of the effective Reynolds Number. 
(See reference 1.) The turbulence factor cm- 
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ployed in this report to obtain the effective 
E from the test B is 2.64, 

As in reference 2, the values of the effective 
Reynolds Number differ somewhat from those given in refer- 
ence 1 "because of a later more accurate determination of 
the turbulence factor for the tunnel. The values of the 
effective Reynolds Number given in reference 1 are sub- 
ject to correction by a factor of 1.1. 

Figures 5 to 7 present the variation with angle of 
attack of the aerodynamic characteristics for certain 
combinations, grouped so as to illustrate the effects of 
variations in the interesting parameters of combination. 
Angle-of-at tack plots are more effective than polars for 
showing the character of the lift-curve peaks. 

DISCUSSION 



Mech anis m of the in terference b urble. - The phenomenon 
of the interference bur ole (i.e., a premature flow break- 
down induced by the presence of an interfering body) asso- 
ciated with many wing-fuselage combinations was discussed 
in reference 1. That discussion will now be analyzed with 
the purpose of clarifying the picture of the interference 
burble and of describing the measures effected for its 
suppr essi on . 

The origin of such a flow breakdown may be ascribed 
to the action of two types of interference; boundary- 
layer interference and potential-flow interference. The 
term "boundary-layer interference" refers to the changes 
produced in the boundary layer of one body by the presence 
of another body. Similarly, potential-flow interference 
refers to the changes produced in the potential field as- 
sociated with one body by the presence of another body. 
As the interference burble is a separation phenomenon, it 
is desirable that the interferences should be considered 
on the basis of their operation toward developing separa- 
tion. 

Consider the simple case of the rectangular N.A.C.A. 
0012 airfoil intersecting a large thin flat plate disposed^ 
in its X-Z plane of symmetry. At a moderately high angle 
of attack, the boundary layer of the plate must be drawn. 
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into the low-pressure area extending over the upper sur- 
face of the contiguous airfoil sections. The inducted 
low-energy air obviously thickens the boundary layer of 
the airfoil and reduces its resistance to the onset of 
separation. This boundary- layer interference, then, 
causes a premature stall of the juncture sections as the 
angle of attack is increased. 

Now, if the plain flat plate is replaced by an air- 
ship-shape fuselage in a conventional arrangement, poten- 
tial-flow interferences are introduced. If the trace of 
the fuselage in a Y-Z plane immediately ahead of the 
root-section leading edge is considered, it can be seen 
that the induced upflow associated with the lift must 
have components of flow in this plane that produce a flow 
pattern about the fuselage trace analogous to the poten- 
tial-flow pattern about a cylinder. A short distance 
back of the airfoil leading edge, this flow pattern tends 
to disappear. From the analogy of the potential flow 
about a cylinder, such a flow can be considered as pro- 
ducing positive pressure i ncrement s at the nose of the 
Tfing roots for the high-wing and low-wing combinations. 
For the midwing combination, however, it would produce 
negative pressure increments. These positive and negative 
pressure increments are equivalent, respectively, to fa- 
vorable and adverse pressure-gradient components in the 
stream direction at the wing roots. 

At the rear of the upper surface of the wing roots, 
the geometry of the combination describes a region of 
divergence in the low-wing condition and of convergence 
in the high-wing condition, as compared v/ith the wing 
alone. At the nose of the juncture, these conditions are 
reversed. Divergences and convergences induce, respec- 
tively, adverse and favorable pressure gradients. 

Consider now a high-wing combination of the round 
fuselage and the rectangular H.A.C.A. 0012 airfoil at an 
angle of attack corresponding to a moderately high lift 
coefficient, A low-pressure peak exists at the nose of 
the airfoil section and is followed by rising pressures 
in the direction of the trailing edge; in other words, 
there is an adverso pressure gradient. As the angle of 
attack is increased, the boundary- lay er flow finally 
fails to progress against the growing pressure gradient 
and separation ensues. For the N.A.C.A. 0012 section the 
drop in lift is large, the separation is sudden, and it 
is critically affected by conditions near the leading 
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ed-e (See discussion in reference 7 relative to stall- 
ing ) At the juncture, however, this picture of the 
.tailing process is modified. Both toundary-layer and 
; o ^nt?fl!flow interferences are operating The boundary- 
layer interference and the divergence at the nose are 
both promoting early separation. The convergence at the 
rear of the juncture and the Y-Z plane component of flow, 
previously mentioned, are influences toward reducing the 
adverse pressure gradients over the upper surface o. the 
juncture" sections and thus delaying the • ^ J* **J 

other hand, the tendency of the iownwash distribution to 
maintain the load distribution ever the wing-fuselage 
" uro nay act to overload the root sections and cause 
an earUer stall, The combined effects of the interfer- 
ences! however, are apparently small for the high-wing 
combination; the interference burble does not occur ap- 
nreciahly before the maximum lift, which is about the 
lame as for the wing alone. (See table V, ^ 
■The substitution of different wing profiles does no. 
change this result. 

The corresponding low-wing combination is subject to 
the same types of interference as just described except 
that the regions of divergence and convergence are inter- 
changed at the wing root. At a moderate angle o, a -tack 
the various interferences produce separation over the up- 
per surface of the wing at the rear portion of the junc- 
ture (the interference burble). As the lift is increased 
with angle of attack, the dead air drifts outward, pro- 
gressively increasing the area covered by separat ed_ i low 
and making it more difficult for the flow to maintain it- 
self over the leading edge than in the unsoparated condi- 
tion at the same lift coefficient. The potential-flow 
interference at the nose of the wing root apparently acts 
to inhibit early flow breakaway there, and the combination 
continues to develop lift, but at a lower rate than - 
the occurrence of the interference ourble, until the angle 
of maximum lift is reached. A more or loss sudden separa- 
tion of the flow over most of the upper surface then oc- 
curs The value of maximum lift, however, does not appear 
to be seriously reduced by the early trailing-edge separa- 
tion of the root sections. (Sec reference 1.) It snould 
therefore be evident how an expanding fillet that fill* 
the divergence at the rear of the juncture alleviate., this 
form of interference burble and how the substitution ox 
different airfoil sections (which can produce little 
change in the expansion of the juncture) can have only a 
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stflall effect on the occurrence of the burble. (Compare 
reference 1.) 

The niidwing combination presents a somewhat differ- 
ent picture. The component of flow in the Y-Z plane now 
acts to increase the adverse pressure gradient over the 
forward portions of the contiguous airfoil sections. The 
interference of the fuselage on the load grading over- 
loads those same? sections, and the boundary-layer inter- 
ference also operates to induce a premature burble. The 
result is an early interference burble when the airfoil 
is, like the N.A.C.A. C012, sensitive to leading-edge 
stalling. In other words, the interferences combine to 
produce a separation of flow from the leading edge of the 
root sections at a moderate angle of attack. As the an- 
gle of attack is increased, the combination continues to 
gain lift, but more slowly. The value of maximum lift is 
low, however, since the entire center portion has been 
stalled well before the angle of maximum lift is reached. 

Suppress ion of th e mi^dwinr' inter feren ce burble . - In 
the investigation reported in reference 1, plan-form fil- 
lets designed to unload the wing-root sections were added 
to the critical midwing combination of the round fuselage 
and rectangular E.A.C.A. 0012 airfoil. Very little effect 
was produced as regards the interference burble or the 
value of maximum lift. The same result had previously 
been found for ordinary tapered fillets. 

Marked effect in delaying the interference burble 
and minimizing the loss in maximum lift coefficient re- 
sulted when the wing-root sections were changed to less 
sensitive profiles, that is, profiles showing moderate 
adverse pressure gradients in the leading-edge regions 
(e.g., tiie rectangular N.A.C.A. 4412 and the tapered 
N.A.C.A.. 0013-09 airfoils (reference 1)). Since cambered 
or t&ick airfoils, howeve^, exaibit too large values of 
high-speed drag coefficient , it is dosirable to suppress 
the interference burble associated with lov.-drag airfoils 
of the critical type in midwing combinations. 

Surface finish at fan j unctu re^- Surface finish is 
known to have a powerful effect upon boundary- lay er phe- 
nomena. At very low Reynolds ITumber s , a roughened air- 
foil surface may show a tendency to increase the maximum 
lift coefficient through inducing earlier transition. 
(See the discussion in reference 7 relative to scale effect 
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on maximum lift.) At the usual flight values of Reynolds 
Number, however, transition generally occurs so close to 
the separation point at high angles of attack that the 
effect of surface roughness is mainly to increase the 
thickness of the "boundary layer. Thickened "boundary layers 
are less resistant to separation than thin ones. 

In the investigation of combinations with split flaps 
(reference 4) , a combination of the round fuselage and 
rectangular N.A.C.A. 23012 airfoil in a semihigh-wing posi- 
tion was included to determine the interference associated 
with this modern section in an efficient combination. An 
adverse interference on maximum lift was evident. In the 
investigation reported herein, the elimination of this ef- 
fect was first attempted. The tapered fillet for the com- 
bination with split flaps was modified to effect a change 
in the wing-root sections. The forward portion of the 
fillet was enlarged, extended, and drooped to simulate 
noncritical airfoil profiles (combination 289; leading- 
edge fillet 1 as in figure 1). A further adverse effect 
on the maximum lift coefficient resulted. The wing-fuse- 
lage models heretofore were formed with plaster of paris 
junctures or with fillets having carefully smoothed sur- 
faces. It was doubted, however, that these surfaces were 
sufficiently smooth to minimize boundary-layer interfer- 
ence due to surface roughness. A carefully rubbed and 
polished lacquered finish, therefore, was next applied to 
the plaster surfaces at the juncture and the combination 
retested. The result was a definite improvement in the 
maximum lift. (Compare combinations 289 and 290, table V.) 
At this point, it was decided to continue the investigation 
(as regards suppressing the interference burble) in a sys- 
tematic manner witn the midwing combination of the round 
fuselage and the rectangular N.A.C.A. 0012 airfoil, which 
is the standard critical combination in the wi ng- f us e lage 
interference program. 

The new polished lacquer finish was applied to the 
plaster surfaces at the juncture of this midwing combina- 
tion but showed no appreciable effect on the onset of the 
interference burble ex the low maximum lift. When the 
new finish was applied to the same combination with or- 
dinary tapered fillets, however, an appreciable increase 
resulted in the maximum lift of the sa::,e order of magni- 
tude as that shown by combination 290, and the interfer- 
ence burble was delayed (fig, 5). The gain, however, did 
not eliminate the adverso interference of the fuselage. 
It appears that a high degree of refinement in surface 
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finish is relatively ineffective on combinations showing 
strong unfavorable pot cut ial-f low interferences and, con- 
versely, (it may "be inferred) that a good combination 
might bo improved by a very smooth surface finish, espe- 
cially in critical regions. 

Leadi ng -edge fill e ts.- The parameter of combination 
that had most effect upon the interference of the midwing 
condition was the wing profile. Moderate-camber or thick 
wing sections showed little susceptibility to an interfer- 
ence burble. The explanation is, probably, that the non- 
critical flow conditions at the leading edge associated 
with such profiles fas contrasted with the N.A.C.A. 0012, 
for example) are capable of absorbing the interference of 
the fuselage without serious results. 

The next step was, therefore, to change systematical- 
ly the root sections of the critical midwing combinations 
to less sensitive profiles by means of fillets. A series 
of such fillets was investigated (leading-edge fillets 2, 
2a, 2b; combinations 294, 295, 296, 297) that extended 
0.45c laterally from the wing root and various distances 
forward from the leading edge. (See figs. 2 and 3.) The 
forward portions of the fillets were drooped, had in- 
creased Icading-adgo radii, and were faired into the wing 
and fuselage. They were all successful in that they 
raised the value of the maximum lift of the combination 
to the neighborhood of that of the wing alone, suppressed 
the interference burble, and increased the minimum drag 
only slightly. Their characteristics improved as the 
amount of the forward projection of the fillet beyond the 
usual wing leading edge was reduced. A second series was 
therefore investigated (leading-edge fillets 3, 3a, 3b, 
3c, od; combinations 293, 299, 300, 302, 303, 304) in 
which the nose length of the fillet was practically zero 
and the span lengtn was varied. At the intersection the 
fillet was made to form the N.A.C.A. 43013 (3,8-percent 
camber at 15 percent behind the leading edge) section 
(reference 8) with its zero lift direction agreeing with 
that of tne wing. (Soe fig. 4.) 

Fillets with spar lengths 0.15c, or greater, raised 
the value of the maximum lift to equal or exceed that of 
the wing alone; the longer the span length, the higher 
the maximum lift (fig. 6) . Little g&ln, however, wan ob- 
tainable by lengths greater 't nan 0.3c. Other effects of 
the series 3 of leadir^-odre fillets were: The suppresion 
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of the interference burble before the stall and the ab- 
sence of adverse influence on the minimum drag; and the 
enabling of split flaps, when applied to the critical 
midwing combinations, to realize their full increment, 
(See tabic V.) It is interesting to note that the maxi- 
mum lift obtained with split flaps and leading-edge fil- 
lets applied to the midwing conbination of the N.A.C.A. 
0012 airfoil (combination 300) was practically the same 
as that obtained when a medium-cambered airfoil (N.A.C.A. 
4412) With ordinary tapered fillets (combination 301) was 
substituted. The minimum drag and pitching moments for 
the IT.A.C.A-. 4412 airfoil combination, flaps retracted, 
however, wore very much greater than for the N.A.C.A. 
0012 airfoil combination. (See reference 1 4 ) 

The relative influence of the leading-edge and trail- 
ing-edge portions of a fillet is indicated in figure 7, 
which presents the characteristics for midwing combina- 
tions with various fillets. »7h€n the tapered fillet is 
considered, however; the effects of the radius at the 
leading edge should be borne in mind; and, when the lead- 
ing-edge fillet alone with the trai ling-edge portion rer.ioved 
is considered, the adverse effect on the divergence should 
be note!. Nevertheless, the figure demonstrates plainly 
that a fillet designed to counteract the interference at 
both ends of the wing-root chord is the most effective. 
Such behavior is in accordance with the nature of leading- 
edge and t rai ling-odge stalling as discussed in reference 
7. 

Application of Leading-Edge Fillets 

In figures 5 to 7 many double lift-curve peaks are 
noticeable. Where the double peaks are both sharp, the 
lift at the first peak fairly high, and the drops nearly 
equal, the explanation is probably that one wing panel is 
stalling ahead of the otner. The lift curve in figure 7 
for combination 292 illustrates how double peaks might 
appear wnon the *ing center stalls early, the tips fol- 
lowing gradually, The center stall is a highly desirable 
characteristic for an airplane from considerations of 
control and stability. For this reason, the use of lead- 
ing-edge fillets might sometimes be inadvisable. They 
can be employed to advantage, however, to fillet outboard 
nacelles on multiengine airplanes. Leading-edge fillets, 
whore used, should be provided with very smooth surfaces 
for most effective results. 

Langley Memorial Aeronautical Laboratory, 

National Advisory Committee for Aeronautics, 
Langley Field, Va. , February 9, 1938. 
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1A3LE I - AIRFOIL CHARACTERISTICS 
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Rectangular H.A.C.A. 0012 with 0.2c 
split flap deflected 60° 
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TABLE II - FUSELAGE OHAEACTERISTIOS 
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ditching-moment coefficient about the quarter-chord point of the fuselage. 



TABLE III - 



LIFT AM) IHfBSraE»OB, DRAG- AM) INTERFSEETCB, AM) PITCHING- MOMSSffT 

am i5n?spr:KZ'::c3 of fusflags iit wiitg-fuszlag-s oombisatiots 



Combi- 
nation 



1 2S9 

■-290 
1 291 

- 292 

294 

' 295 
'296 

• 297 

- 2SS 

' 299 
1 100 



1 301 



302 
•303 
304 

* 305 



JU 


e 

._ 




oJ 




ACL, 

ri C/4 




£C 3 

e 


m C/4 


a a o° 




C =12° 




-O.076 


-0.0103 


0.012 


-0.056 ' 


-0.0101 


0.016 


-0.027 


-O.0O6S 


O.O3O 


.003 
.003 
.012 
.003 


.OO35 
.OO3U 
.0033 
.0042 


-.002 
-.002 
-.003 
-.002 


.026 
.035 
.037 
.030 


.oo4o 
.0036 

,004l 
.0042 


.005 
.003 

.010 
.003 


.053 
.071 
.090 
,073 


.0055 
.0050 

„oo44 
.oc44 


.016 

.012 
.034 
.024 


.001 
.009 
.003 

-.039 


.0042 
.OO36 
.0039 
-.0072 


- 

-.005 
-.004 

-.007 
.027 


.032 
.037 
.033 
-.076 


.00^4 

.0039 

.0038 
-.0064 


.004 
.004 
.000 

.030 


.030 
.073 
.072 
-.043 


.oo46 
.0031 
.0040 

-.0041 


.019 
.016 

.010 
.046 




a = qo 


a= s° 


- 1 - ! - 
















• a * 0° 




a = 4° 


a = 12° 


0.009 
. .010 

! .006 
.007 


O.OO3I+ 
.0033 
.00^3 
.OO33 


-0.002 
-.001 
-.002 
-.003 


0.037 
.033 
.0^4 
•033 


o.oo4i 

.0037 
.0037 

.0035 


0.003 

.004 
.005 

.004 


0.0S1 

.076 
.071 
.065 


c.oo4o 
.0043 

.0055 
.0044 


0.015 
.013 
.013 

.013 



Wm values given represent the differences between the characteristics of each combination 
and those of the corresponding airfoil with full- span. split flap. 



TABLE V. - PRINCIPAL AERODYNAMIC CHARACTERISTICS CF WING -FUSELAGE COMBINATIONS 













Longi- 


Verti- 


Angle 


Lift- 


Span 


C D 

e min 


°L «. 
^opt 


Aerody- 
namic- 
center 
position 

n o 


C_ 

0 


Lift coef- 
flcle-' at 
interim re nee 
burble 

\„ 




Diagrams 


representing combinations 


Com- 
bina- 
tion 


Remarks 


tudinal 
posi- 
tion 

d/c 


cal 
posi- 
tion 

k/c 


of 

wing 
setting 

(deg.) 


slope 
(per 
degree ) 
a 

A=6.g6 


ef f 1- 

clency 
factor 

e 


Effec- 
tive 
R ■ 

8.2 x 

10 6 


Effec- 
tive 
R - 
3.7 * 
10 6 


Rectangular N .A .C 


.A. 23012 airfoil with round fuselage 






































Wing alone 


- 


- 


- 


0.07s 


4 O.S5 


0.00S5 


0.12 


0.007 


-0.007 




°1.6l 










- 


Wing alone 
with full-span 
split flap 
deflected 60 




■ 




.07H 


- 


T .17 




— 


'-.81 




°2.32 


°2.2^ 








266 
289 


plaster finish 

Tapered fillets; 
plaster finish: 
60° split flap 

L.E. fillets 1; 
plaster finish: 
bO° split flap 


0 


.16 


0 


.0g2 




.0117 


.1^ 


.016 


-.010 


1.5 


b l.56 






T— 


0 


.16 


0 


7 .077 


- 


\i6 


- 


- 


'-.19 




2.10 


e 

2.11 
















\l6 












b 2.01 






0 


.16 


0 


7 .079 








'-.19 




























290 


L.E. fillets lj 




.16 


0 


















2.12 






lacquer finish: 
60° split flap 


0 
















,.. SJ r i 


































































L.E. flllett 1 
lacquer finish: 
60° split flap 
with trailing 
edge of fillets 
out away 


0 


.16 


0 
















a 2.0g 


*2.10 


, V 




291 

















TABLE 7. (Continued) 





Com- 
bina- 
tion 




Longi- 


Verti- 


Angle of 
wing 


Lift- 


3pan 
effi- 
ciency 
factor 

e 






Aerody- 




Lift coef- 
ficient at 
interfer- 
ence burble 

•"lb 


* C Lmax 


Diagrams representing combinations 


Remarks 


tudinal 
posi- 
tion 

d/c 


cal 
posi- 
tion 

k/c 


set- 
ting 

hi 

(deg. ) 


curve 
slope 
(per 
degree) 
a 

A=6.86 


C D 

e mln 


L opt 


namic- 
center 
posi- 
tion 

n o 




Effec- 
tive 
R ■ 
8.2 x 
10* 


Effec- 
tive 
R =■ 


Rectangular N.A.C.A. 0012 airfoil with round fuselage 
































7 


(From reference 
1 . ) Plaster 
finish 


o 


o 


Q 


0. 080 


0. 85 


0. 0115 


0. 00 


0. 040 


0. 000 


1. u 


b 1.21 


b 1.20 




292 


Lacquer finish 


o 


o 


o 


. 081 




. 0115 




. 033 


-. 003 


1. 1 


a i.20 


b 1.19 




137 


( From reference 
1. ) Tapered 
fillets; piaster 
finish 


0 


0 


0 


.081 


.85 


.0115 


.00 


.030 


.000 


"l.o 


a 1.23 


a 1.22 




293 


Tapered fillets ; 
laoquer finish 


0 


0 


0 


.083 


* .85 


0114 


.00 


• 030 


-.002 


A 1.3 


b 1.35 


b 1.30 


C^c^ ^ 


294 


L.E. fillets 2; 
lfi.cQu.6r jTl.iil.8bi 


0 


0 


0 


083 


*.85 


0119 




. 048 


- . 004 


Ai c 
1. 5 


b 1.50 


b 1.39 




295 
296 


L.E. fillet. 2a; 
lacquer finish 

L.E. fillets 2a; 
lacquer finish: 
60° split flap 


0 
0 


0 
0 


0 
0 


.083 


•.68 


.0122 


.01 


.040 


-.002 


A 1.5 


c 1.56 
C 2.17 


b 1.44 

°2.03 




297 


L.E. fillets 2b; 
lacquer finish 


0 


0 


0 


.084 


4 .85 


.0122 


.00 


.043 


-.005 


A 1.5 


°1.58 


b 1.47 




298 


L.E. fillets 3, 
0.6c spans; 
lacquer finish 


0 


0 


0 


.084 


4 

•85 


.0115 


.00 


.035 


-.005 


A 1.6 


c 1.65 


c 1.49 



TABLE V. (Concluded) 



Diagrams representing combinations 



Rect angular N.A.C.A. 0013 airfoil with round fuselage 




Com- 
bina- 
tion 



299 



I.E. fillets 3a. 
0.45c spana; 
lacquer finish 



L-E. fillets 3a, 
0.45c spans; 
lacquer finish, 
with 60° split 
flap 



Longi- 
tudinal 
posi- 
tion 

d/o 



Vertl 
cal 
posi- 
tion 

k/o 



Angle of 
wing 
set- 
ting 

iw 

(deg.) 



Lift- 
curve 
slope 
(per 
degree) 
a 

A=6 . 86 



.082 



Span 
effi- 
ciency 
factor 



.85 



.0115 



.17 



opt 



Aerody- 
namic- 
center 
posi- 
tion 
no 



-.18 



Lift coef- 
ficient at 
interfer- 
ence burbl 



max 



Effec- 
tive 
R = 
8.2 x 
10 6 



Effec- 
tive 
R = 
3.7 



10' 



8 



^2.14 



Rectangular M.A.C.A. 4412 airfoil with round fuselage 




Tapered fillets 
laoquer finish: 
60° split flap 



Rectangular N.A.C.A. 0012 airfoil with round fuselage 




304 



L.E. fillets 3b, 
0.3c spans; 
lacquer finish 



L.E. fillets 3c. 
0.15c spans; 
lacquer finish 



L.I. fillets 3d, 
0.075c spans ; 
lacquer finish 



L.I. fillets 3o, 
0.15c spans; 
lacquer finish, 
with fillet 
trailing edge 
out away 



-.003 



V85 



.00 



.083 



.029 



.85 



°1.42 



^.39 



Letters refer to types of drag curves associated with the interference burble as follows: Lettero refer to condition at maximum lift as follows: reasonably steady at Cr. 

b ma: 

CL ib tC L ma x 




Type A 




Type B 




small loss of lift beyond C. ; large loss of lift beyond C L and uncertain 
max max 

value of C, • 



Type C 



Poor agreement in high-speed range. 
*Poor agreement over whole range. 
*Poor agreement In hlgh-llft range. 

'Rapid increase in drag preceding definite breakdown. 
7 Value that Is averaged over useful range. 
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Figs. 1,2 




Figure 2. 



- Combination 294, showing leading-edge fillet 2 . 



N.A.C.A. Technical Note No. 641 



Figs. 3,4 




N.A.C.A. Technical Note No. 641 



Fig. 5 




Figure 5. - Effect of surface finish at junctures of a critical wing-fuselage combination. Rectangular 
N.A.C.A. 0013 airfoil and round fuselage with tapered fillets. Midwing position. 



N.A.C.A. Technical 



Note No. 641 



Fig. 6 




-4 0 4 8 18 16 80 24 28 32 

Angle of attack, a , deg. 

Figure 6. - Effect of special leading-edge fillete on the interference burble. Rectangular N.A.C.A. 
0012 airfoil and round fuselage. Midwing position. 
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Fig. 7 




